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Abstract 
Platinum (Pt) nanocatalyst for a proton-exchange membrane fuel cell (PEMFC) was supported on a nafion/carbon 
black mixture via the reduction of platinum(II) bis(acetylacetonato) denoted as Pt(acac)2 in a drying process. 
Pt(acac)2 was sublimed and condensed on the upper side of a glass reactor and then a gas diffusion layer (GDL) 
spray-coated with nafion/carbon black solution was put into the glass reactor, and maintained at 180oC for 5, 15 and 
30 min in N2 atmosphere. The morphology and distribution of the Pt nanoparticles were observed by transmission 
electron microscopy (TEM) and we found that the number and size of Pt nanoparticles increased with increasing 
reduction time.  
© 2011 Published by Elsevier Ltd. Selection and/or peer-review under responsibility of [name organizer] 
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1. Introduction 
In general, a gas diffusion layer (GDL) in a proton-exchange membrane fuel cell (PEMFC) has a thin 
microporous layer (MPL) made of carbon-based powder mixed with organic binder and hydrophobic 
dispersion agent, which is coated onto a macroporous sheet of carbon cloth, paper or felt, in order to form 
a microporous structure on a macroporous carbon backing. Then platinum (Pt) nanocatalyst is dispersed 
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on the membrane assembled side of the GDL because the Pt nanoparticles are acted as the most effective 
electrocatalysts for the hydrogen oxidation on the anode side and the oxygen reduction on the cathode side 
in a proton-exchange membrane fuel cell (PEMFC). However, it has several critical issues to be solved 
before the commercialization of PEMFC [1,2]. For example, the oxygen reduction reaction (ORR) is 
kinetically limited at the cathode, so some large amount of Pt catalysts with high cost is needed. Therefore 
the Pt particle size should be smaller and evenly distributed on the carbon surface in order to increase their 
sufficient surface area and catalytic activity. In order to overcome these barriers, many researchers have 
studied to maximize the activity of the Pt nanocatalyst [3].
Generally, Pt nanocatalyst is prepared in wet processes: carbon-based supporter and Pt organometallic 
compound are vigorously mixed in a solvent and then reducing agent solution is dropped into the first 
solution in order to produce Pt nanoparticles on the carbon-based supporter. However, it is very difficult 
to control the nanoparticle size and its homogeneous distribution on the carbon surface [4,5].
We have developed a new approach to prepare Pt nanoparticles on a carbon-based supporter in a 
drying process [6], in which sublimed metallic compounds such as platinum(II) bis(acetylacetonato), 
palladium(II) bis(acetylacetonato), cobalt(II) bis(acetylacetonato), etc. were used as precursors. They 
could sublime and penetrate into polymer surface, and they were spontaneously reduced to form metallic 
nanoparticles in the polymer surface without any reducing agent. There was no solvent used. In this study, 
platinum(II) bis(acetylacetonato) denoted as Pt(acac)2 was used as a precursor and nafion-mixed carbon 
black was used as a supporter. 
2. Experiments
2.1. Materials 
Pt(acac)2 was purchased from Johnson Matthey Materials Technology, which was purified by the 
recrystallization in acetone, and carbon black (Vulcan-XC72, Cobot) was used as a supporter. Nafion 
solution whose trade name was DE521 was obtained from Dupont whose polymer name was sulfonated 
tetrafluorethylene copolymer with the polymer content of 5 wt%. The available acid capacity was over 
0.92 meq/g, H+ polymer basis and total acid capacity was 0.95-1.03 meq/g, H+ polymer basis. A 
surfactant (Triton X-100) was from Junsei (Japan) and a carbon fiber felt type GDL (Sigracet GDL 10-
BC, SGL Group) was used as a macroporous carbon backing. 
2.2. Preparation of Pt nanocatalysts on MPL surface 
In order to prepare the carbon black slurry, deionized water (1.2 g), iso-propyl alcohol (4.8 g) and a 
surfactant (0.1 mg) were well-mixed in a 10 ml vial bottle, and a carbon black (0.06 g) was poured into 
the bottle little by little under ultrasonic condition for 30 min. Then nafion solution (0.5 g) was dropped 
into the bottle while maintaining the ultrasonic mixing for 15 min, and finally well-dispersed carbon 
black slurry was prepared. All the slurry was evenly spray-coated on the GDL of 7×7 cm2 to form a thin 
microporous layer (MPL) and it was dried at 80oC for 24 hr. The loading weight of nafion/carbon black 
was 1.2 mg/cm2. According to the same procedure, the spray-coatings were repeated two and three times, 
giving the loading weight of 2.4 and 3.6 mg/cm2, respectively. 
Pt nanoparticles were prepared by the following procedure, as described in our previous papers [6,7]. 10 
mg of Pt(acac)2 in a glass tube reactor was sublimed at 180°C oil bath in vacuo and then it was 
recondensed on the upper side of the glass wall. Then a piece of GDL with 1×1 cm2 was placed, keeping 
the slurry-coated side up, in the bottom of the glass reactor at room temperature and oxygen was removed 
from the specimen in vacuo and nitrogen purge. In order to expose the slurry-coated side to the metallic 
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vapor, the glass reactor filled with nitrogen was dipped into the oil bath at180°C for 5, 15 and 30 min, 
respectively.
2.3. Instrumental analysis 
The morphology of the MPL surface on the GDL was observed by field emission scanning electron 
microscopy (FE-SEM, JMS-6701F, JEOL) at an acceleration voltage of 10 kV and the elemental analysis 
was carried out by energy-dispersive X-ray spectroscopy (EDS, JED-2300 Energy Dispersive X-ray 
Analyzer, JEOL), which was connected to the FE-SEM. Pt nanoparticles on the carbon black was 
observed by high-resolution transmission electron microscopy (HRTEM, Hitachi JEM-2010) operated at 
an accelerating voltage of 200 kV. 
3. Results and Discussion 
Loading of Pt elements on the microporous carbon black layer, which was prepared by spray-coating 
with nafion/carbon black slurry three times, was confirmed by SEM observation and EDS analysis, as 
shown in Fig.1, in which Pt loading was carried out at 180oC for 30 min. SEM image of Fig.1(a) shows 
typical microporous carbon black layer covering the macroporous carbon felt backing homogeneously. 
Fig.1(b) is a EDS spectrum of the elements detected on the rectangulr area of Fig.1(a). As was expected, 
Pt was detected together with sulfur (S) and fluorine (F) originated from sulfonated tetrafluorethylene 
copolymer. Atomic % (at%) of C, O, F, S and Pt was 92.83, 0.98, 4.64, 0.30 and 1.25, respectively. Pt 
elemental mapping was also done to study the Pt dispersion on the microporous carbon black surface, and 
Fig.1(c) and 1(d) showed that Pt elements were evenly dispersed on the microporous surface. Therefore, 
our dry process could be applied to prepare Pt/carbon electrocatalysts in a fuel cell. 
Fig.1. (a) SEM image and (b) EDS spectrum for the Pt (1.25 at%) loaded carbon black layer prepared by spray-coating three times.
(c) magnified SEM image and (d) Pt elemental mapping for the (c). 
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Table 1. Pt loading on various microporous carbon black layers estimated by EDS analysis. 
Weight of microporous carbon 
black layer on GDL (mg/cm2)
Pt loading time at 
180oC (min) 
Pt loading 
(at%) 
Average particle size 
(nm) 
1.2 30 0.64 1.7 
2.4 30 0.76 1.8 
3.6 
3.6 
3.6 
5
15 
30 
0.07 
0.82 
1.25 
1.9 
-
1.7 
Fig.2. TEM images of Pt nanoparticles loaded on different weight of nafion/carbon black: (a) 1.2 mg/cm2, (b) 2.4 mg/cm2 and (c) 
3.6 mg/cm2. The loading time and temperature conditions were for 30 min at 180oC.
Our previous paper [7] showed that the generation mechanism of Pt nanoparticles was composed of two 
steps, nucleation and growth steps in a polymer matrix. It also showed that if polymer chains had 
nucleophilic groups, the nucleation step was accelerated. In this study, sulfone groups in the nafion could 
be acted as nucleophiles so that large amount of microporous carbon black layer could generate a large 
number of Pt nanoparticles. It was confirmed by EDS analysis for the samples with different 
nafion/carbon black weight, as shown in Table 1. Pt loading weight at the same loading time increased 
with the weight of microporous carbon black layer, that is, nafion weight. TEM images (Fig.2) with 
different nafion/carbon black weight clearly showed that the number and size of Pt nanoparticles 
increased with increasing nafion weight. Nanoparticle size was 1.7~1.9 nm. 
The effect of Pt loading time on the 
number and size of the Pt nanoparticles 
was also studied by EDS (Table 1) 
analysis and TEM (Fig.3) observation. 
Understandably, the number and size of 
Pt nanoparticles increased with 
increasing loading time. When loading 
time was 5 min, unlike the detection of 
Pt in EDS analysis, no particle was 
observed in TEM image. It meant 5 min 
was too short for the generated nucleus 
to grow.                                                        Fig.3. TEM images of Pt nanoparticles loading at 180oC for (a) 5 min and (b)  
15 min. The weight of microporous nafion/carbon black layer was 3.6 mg/cm2.
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4. Conclusions 
Pt nanocatalyst for PEMFC was prepared by a new drying process without any aid of reducing agents 
or solvents. The sublimed Pt precursors were spontaneously reduced to Pt elements on the nafion/carbon 
black surface. The loading weight, number and size of Pt nanoparticles increased with increasing 
nafion/carbon black weight. The nanoparticle size was 1.7~1.9 nm. The loading weight, number and size 
of Pt nanoparticles also increased with increasing loading time at 180oC. From these results, we 
concluded that our dry process could be applied to prepare Pt/carbon electrocatalysts in a fuel cell.  
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